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Abstract 
Identification of 3D printable materials is crucial to expand the breadth of physical and chemical 
properties attainable by additive manufacturing. Stereolithography (SLA), a widespread 3D printing 
method based on resin photo-polymerization, is ideally suited for exploring a large variety of monomers to 
produce functional three-dimensional solids of diverse properties. However, for most of the commercially 
available SLA 3D printers, screening monomers and resin compositions requires large volumes (~150 
mL) in each printing cycle, making the process costly and inefficient. Herein, a high throughput block 
(HTB) adaptor was developed to screen arrays of monomers and resin compositions, consuming lower 
volumes (< 2 mL) and less time per print (< 1/16 based on a 4?4 matrix) than using the original hardware. 
Using this approach, a library of materials with different surface hydrophobicities were 3D printed by 
including long chain acrylates in the resins. In addition, several metal salts were dissolved in an acrylic 
acid-based resin, 3D printed and screened as heterogeneous catalysts for the selective aerobic oxidation 
of benzyl alcohol to benzaldehyde. Cu(II)-based resins produced the most active structures. 
Combinations of Cu(II) and long chain acrylate monomers were then used to 3D print complex catalytic 
architectures with varying degrees of hydrophobicity. Linear relationships were observed between 3D 
printed surface area, surface hydrophobicity and catalyst performance. For a high surface Schwarz P 
topology ca. 60 % enhancement in the catalytic activity of Cu(II) was attained by replacing the parent resin 
with one containing hydrophobic isodecyl groups, indicating that the immediate environment of the 
catalytic site affected its performance. The HTB enables fast screening of resins for 3D printing 
multifunctional architectures with intrinsic catalytic activity, tunable surface properties, and minimal 
waste. 
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2ABSTRACT
Identification of 3D printable materials is crucial to expand the breadth of physical and 
chemical properties attainable by additive manufacturing. Stereolithography (SLA), a 
widespread 3D printing method based on resin photo-polymerization, is ideally suited for 
exploring a large variety of monomers to produce functional three-dimensional solids of 
diverse properties. However, for most commercial SLA printers, screening monomers and 
resin compositions requires large volumes (~150 mL) in each printing cycle, making the 
process costly and inefficient. Herein, a high throughput block (HTB) adaptor was 
developed to screen arrays of monomers and resin compositions, consuming lower 
volumes (< 2 mL) and less time per print (< 1/16 based on a 44 matrix) than using the 
original hardware.  Using this approach, a library of materials with different surface 
hydrophobicities were 3D printed by including long chain acrylates in the resins. In 
addition, several metal salts were dissolved in an acrylic acid-based resin, 3D printed and 
screened as benzyl alcohol oxidation catalysts. Cu(II)-based resins produced the most 
active structures. Combinations of Cu(II) and long chain acrylate monomers were then 
used to 3D print complex catalytic architectures with varying degrees of hydrophobicity. 
Linear relationships were observed between 3D printed surface area, surface 
hydrophobicity and catalyst performance. For a high surface Schwarz P topology ca. 60 % 
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3enhancement in the catalytic activity of Cu(II) was attained by replacing the parent resin 
with one containing hydrophobic isodecyl groups, indicating that the immediate 
environment of the catalytic site affected its performance. The HTB enables fast screening 
of resins for 3D printing multifunctional architectures with intrinsic catalytic activity, 
tunable surface properties, and minimal waste.
KEYWORDS: 3D printing, stereolithography, high-throughput, surface hydrophobicity, 
heterogeneous catalysis 
INTRODUCTION
3D printing is a novel technology to manufacture custom objects with intricate 
architectures directly from computer-based designs. In many cases these three-
dimensional structures are too difficult to produce with traditional methods. The ability 
to 3D print materials with suitable properties has led to several applications in diverse 
fields like tissue engineering,1-4 electronics,5 ceramics,6-9 mechanical devices,10-16 
pharmaceuticals,17-20 periodic microstructures,6,21 and catalysis.22-25 Further development 
of these advanced applications requires controlling the physical and chemical properties 
of the objects produced. 3D printing methods based on photo-polymerization like 
stereolithography (SLA) yield higher resolution structures in a shorter time than other 
techniques, and hence are among the preferred approaches for additive 
manufacturing.26,27 Because these methods are based on site-selective polymerization of 
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4photo-active monomers, they can include molecular diversity either by variation in 
monomer structure (i.e. changes in carbon backbone, inclusion of additional functional 
groups) or by combination of different monomers (i.e. co-polymerization).22,27-43 This 
diversity may hold the key to adjusting physical and chemical properties of multifunctional 
3D printed architectures.
Nonetheless, developing resin compositions that produce three-dimensional structures 
with  target chemical and physical characteristics can be expensive and time-consuming. 
These limitations are due to the conventional hardware setup of most SLA printers, which 
are commonly designed to use a single batch of resin per printing cycle in a relatively 
large volume tank (typically 150 mL). Inspired by a recent success in screening resins for 
inkjet printing,40 we aimed to develop a direct screening approach for SLA 3D printing. 
Here, we introduce a high throughput screening approach consisting of 
compartmentalizing the build platforms and resin tanks of commercial SLA printers. This 
methodology allowed identification of active resin compositions by directly 3D printing 
functional structures. It also enabled production of a library of 3D printed materials with 
a wide spectrum of surface hydrophilicities/hydrophobicities and a library of 3D printed 
metal acrylates. The metal acrylate library was then screened to identify 3D printed 
structures that were catalytically active in the selective conversion of benzyl alcohol to 
benzaldehyde. More complex compositions were obtained by combining the 
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5hydrophobic resins with the metal-containing resins to 3D print multifunctional 
architectures that displayed even higher activity for the same reaction.
EXPERIMENTAL
Materials. 
Acetonitrile, cerium trinitrate hexahydrate, chromium trinitrate nonahydrate, cobalt 
dinitrate hexahydrate, copper diacetate monohydrate, iron tri(acetylacetonate), palladium 
dinitrate, gold  trichloride trihydrate, erbium trinitrate pentahydrate, iridium trichloride, 
zinc dinitrate hexahydrate, allylamine, butyl, isobutyl, hexyl, 2 -ethylhexyl, isodecyl, 
octadecyl, and lauryl acrylates, acrylic acid, bis(2,4,6-trimethylbenzoyl)-phenylphosphine 
oxide (BAPO), tetramethyl-1-piperidinyloxy (TEMPO), poly(ethylene glycol) diacrylate 
(PEGDA), benzyl alcohol, propionitrile, and butyronitrile were acquired at Sigma-Aldrich. 
Antimony trichloride, nickel dinitrate hexahydrate, magnesium diiodide, bismuth trinitrate 
pentahydrate and cobalt dinitrate were bought at Fischer Scientific. All reagents were used 
without further purification. 
Fused Filament Fabrication (FFF).
Computer aided designs were produced with OnShape (Cambridge, MA, USA) and 
converted into STL format. The resin tanks and platform matrices were manufactured 
using polypropylene filament in a Makerbot Replicator 2xTM (New York City, NY, USA). The 
size of the resin tanks in the 4×4 matrix was 25×25×6 mm each.
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6Polydimethylsiloxane (PDMS) layer.
To help the peeling process during printing, a layer of PDMS was applied to the bottom 
of the compartmentalized tanks. Following the manufacturer recommended ratios, 40 g 
of 10:1 ratio of the SylgardⓇ 184 two-part solution was prepared and 2 mL from this 
mixture were added to each tank. The tanks containing PDMS were cured for 24 h in an 
oven at 50 ºC. The cured PDMS-covered tanks were then ready for use as reservoirs for 
the resins.
Parent resin preparation.
The parent resin consisting of acrylic acid and PEGDA was prepared as reported 
before.22
Hydrophobic resins.
The parent resin was mixed with each acrylate in varying ratios according to Table S1. 
For allylamine the mixture (allylamine: acrylic acid mole ratio 0.13) was prepared in an ice 
bath to prevent heat evolution and avoid pre-polymerization. The combinations were 
thoroughly mixed in a homogenizer (14 000 rpm, 5 min), and poured into the low volume 
resin tanks adapted to a FormLabs Form 1+TM 3D printer (Somerville, MA, USA).
Metal containing resins.
5 mL of the parent resin was mixed with 0.11 mmol of the respective metal salt and 
sonicated until complete dissolution of the metal salts (Table S2). The solutions were 
poured into the low volume resin tanks adapted to the FormLabs Form 1+TM 3D printer.
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7Surface functionalization of 3D printed objects.
A 3D printed cube was added to a methylene chloride solution of N,N′-
Dicyclohexylcarbodiimide (48 mM, 5 mL) in a 20 mL vial and set in an orbital shaker (1 h, 
300 rpm). 0.15 mmol of the respective amine (i.e. oleylamine, isopropyl amine or tert-
butylamine) were then added and the vial was shaken for 16 h more. The printed cubes 
were then thoroughly washed with methylene chloride and dried before measuring the 
water contact angle. 
SLA 3D printing.
Computer aided designs were produced with OnShape (Cambridge, MA, USA), 
converted into STL format, and printed in the FormLabs Form 1+TM 3D printer. The 
settings used for non-metal containing resins were: laser power: 62 mW, first layer passes: 
10, other layer passes: 2, and early layer passes: 2. For metal-containing resins the 
parameters were: laser power: 62 mW, first layer passes: 10, other layer passes: 5, and early 
layer passes: 5. The residual non-polymerized resin was extracted from the 3D printed 
solids by soaking in acetone for 5 min. The solids were then cured in a Rayonet photo-
reactor ( = 320 nm, 20 min). 
Oxidation of benzyl alcohol.
A 3D printed metal-polymer composite hollow cube was introduced into a 5 mL vial 
containing a solution of benzyl alcohol (20 µL, 0.19 mmol) and Tetramethyl-1-
piperidinyloxy radical (TEMPO, 12 mg, 76 µmol) in acetonitrile (1 mL). The vial was then 
Page 7 of 33
ACS Paragon Plus Environment
ACS Applied Polymer Materials
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
8crimped with a silicon/aluminum cap, added a stir bar and the solution was stirred at 100 
°C and 200 rpm for 6 h. A 10 µL aliquot was diluted in ethanol (1 mL) and analyzed by GC-
MS (Agilent 7890A, 5975C, HP-5MS column). The program initiated at 60 °C, a 
temperature ramp of 5 °C min-1was applied until reaching 150 °C. This was followed by a 
second ramp of 20 °C min-1 until 280 °C, after which the temperature was held constant 
for 10 min. The reactions were run in parallel using an aluminum heating block reactor. 
Catalytic activity screening was based on the relative intensities of benzaldehyde (ca. 5.15 
min retention time) to benzyl alcohol (ca. 5.95 min retention time) peaks, and selection 
criteria were established as <5%, 5-10% and >10% corresponding to low, moderate and 
high catalytic activity.  Decane was used as internal standard for calculating actual 
conversion values (as opposed to screening experiments). To evaluate the effect of solvent 
polarity on reactivity acetonitrile was replaced with propionitrile or butyronitrile.  
Contact angle measurements.
The water contact angles were measured using a Ramé-Hart 200 (p/n 200-U1) 
goniometer. The 3D printed cubes were mounted on the sample holder, followed by 
addition of a ca. 2 μL drop of deionized water. Images were acquired using a SuperSpeed 
USB 3.0 CCD camera and the slope of the tangent to the drop at the water-solid interface 
was analyzed using Image J software.
RESULTS AND DISCUSSION
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9First, we designed a high throughput block (HTB) adaptor set consisting of a 4×4 matrix 
of build platforms that could be attached to the z-stage of a Formlabs 1+TM 3D printer, 
and a fitting matrix of 4×4 low volume (2 mL) resin tanks (Figure 1a, b). This configuration 
was chosen to maximize the number of resin tanks for the dimensions of the 3D printer. 
However, the dimensions and distribution of the tanks and platforms can be adapted to 
any target size and configuration (Figure S1). The adaptors were then produced by fused 
filament fabrication (FFF) using a polypropylene (PP) filament in a Makerbot Replicator 
2xTM 3D printer. The 4×4 matrix resin tanks were designed to be 25×25×6 mm each.  To 
facilitate peeling of the printed layers, the resin tanks were coated and cured with a 3 mm 
polydimethylsiloxane (PDMS) layer (SylgardⓇ 184 silicone elastomer) as a pre-printing 
process. To prevent leakage during the cruing of PDMS the 4×4 resin tanks matrix was 
fixed onto a Z-vat resin tank using hot melt adhesive (Ad TechTM). Aluminum plates were 
added to the build platforms to ensure adhesion of the 3D printed objects (Figure 1c). 
Using the custom 4×4 HTB we 3D printed a library of 32 materials from resins containing 
the parent mixture (acrylic acid, BAPO and PEGDA) and acrylate esters of varying chain 
lengths and branching, or allylamine. The mole ratios of acrylate esters or allylamine to 
acrylic acid were varied from 0.05 to 0.7 (Table S1). The resins were 3D printed as hollow 
cubes (7 mm sides, Figure S2) so that material hydrophobicity could be assessed by 
measuring water contact angles on their flat surfaces (Figure S3-S11).
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10
Figure 1. STL design of a) build platform, b) resin tanks and c) complete 4×4 set up for 
high throughput block (HTB) adaptor. 
The parent resin, containing only acrylic acid and PEGDA, had a water contact angle of 
42°, characteristic of a hydrophilic surface. The hydrophilic character is likely due to the 
carboxylic acid moieties on the surface of the 3D printed polymer.22  Incorporation of 
linear acrylate esters in the C4 to C12 range resulted in a more hydrophobic surface with 
a moderate increase in the water contact angle to about 65° at ca. 0.1 acrylate ester : 
acrylic acid (AE : AA) molar ratios  (Figure 2a). The larger contact angle indicates that the 
hydrocarbon chains of the esters may be exposed on the surface of the objects.  A larger 
increase to about 80° was observed when using the C18 ester at 0.1 AE : AA molar ratio. 
The larger effect of C18 suggests that in addition to being exposed on the surface, its 
long hydrocarbon chain may be covering some of the hydrophilic surface carboxylates. 
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11
Figure 2. Changes in water contact angle with the amount of acrylate esters (AE) relative 
to acrylic acid (AA) used in the resin for a) linear (black circles = butyl, red diamonds = 
hexyl, green squares= lauryl, blue triangles = octadecyl) and b) branched AE (black circles 
= isobutyl, brown squares = 2-ethylhexyl, purple triangles = isodecyl). Error bars 
correspond to the standard deviations of two measurements.
The water contact angles of the 3D printed materials displayed a linear dependence on 
the amount of ester in the monomer mixture, indicating that the surface density of the 
hydrophobic moieties is proportional to their concentration in the resin. While the rate of 
increase in contact angle with AE : AA molar ratio was very similar for C4 and C6, it was 
about 3 and 7 times larger for C12 and C18 respectively. It must be noted that the longer 
chain esters had a lower solubility in the resin which limited the amount that could be 
effectively incorporated into the 3D printed objects. Analysis of the water contact angles 
of the cubes 3D printed with branched AE monomers indicated a more dramatic effect on 
surface hydrophobicity: isobutyl acrylate, 2-ethylhexyl acrylate and isodecyl acrylate 
reached maximum contact angles of 93°, 102° and 110° respectively (Figure 2b).
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12
In contrast to the enhanced hydrophobicity produced by alkyl acrylate monomers, the 
use of allylamine as a co-polymer led to 3D printed objects with higher hydrophilicity than 
that obtained with the parent resin. For example a resin with allylamine : AA molar ratio 
0.13 gave a solid with a water contact angle of 17° (Figure 3). The enhanced hydrophilicity 
is likely due to proton transfer between the amine and the carboxylic acid groups resulting 
in a zwitterionic surface.44 
Figure 3. Variations in the wettability of 3D printed resins as a function of the co-
monomer included in its composition (mole fractions of co-monomers relative to acrylic 
acid: isodecyl acrylate (IDA) 0.32, hexyl acrylate (HA) 0.45, allylamine (Aam) 0.13. Error bars 
correspond to the standard deviations of two measurements.
An additional way to modify the surface hydrophobicity of 3D printed AA resins is by 
reacting the pendant carboxylic acids with alcohols or amines. We evaluated this post-
printing method using carbodiimide to activate surface carboxyls for coupling with 
isopropyl, tert-butyl and oleyl amines. Bond formation was confirmed by the emergence 
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13
of the characteristic amide bands (1630 cm-1 and 1550 cm-1) in the infrarred spectra of 
the 3D printed structures (Figure 4). Even though the same amounts of amine (0.15 mmol) 
were added to each of the 3D printed cubes, FTIR showed large differences between them. 
While the cubes modified with small amines (tert-butyl- and isopropyl-amine) had more 
intense 1550 cm-1 (amide II) than 1720 cm-1 (AA and PEGDA carbonyl) bands, the cubes 
modified with oleylamine had a much more intense 1720 cm-1 than 1550 cm-1 band. In 
spite of their lower ratio of amide to carboxyl/ester signal, the oleylamine-modified cubes 
produced a significantly larger water contact angle (123°) than those modified with 
isopropylamine and tert-butylamine (90° and 73°, respectively). Importantly, this post-
printing modification approach can be combined with the co-polymerization method to 
produce multifunctional three dimensional objects.
Figure 4. a) Attenuated total reflectance infrared spectra of 3D printed structures before 
(red) and after grafting with tert-butylamine (blue), isopropylamine (green) and 
oleylamine (purple). Discontinuous lines correspond to PEGDA and AA carbonyl (black), 
and amide I and II (orange) bands. b) Water contact angles of 3D printed surfaces 
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14
modified with non-polar groups. t-BA = t-butylamine, IPA = isopropylamine, OA = 
oleylamine. Error bars correspond to the standard deviations of two measurements.
We have recently demonstrated that 3D printing by SLA can produce architectures with 
intrinsic catalytic activity. Here, we used the HTB adaptor to evaluate 16 metal salts as 
potential precursors for 3D printed catalysts. First, we dissolved the salts (0.11 mmol) in a 
resin consisting of PEGDA and AA (5 mL resin, 11.6 and 204 mmol respectively). The resins 
were then 3D printed to form hollow top- and bottom-less cubes (4 faces, 8×8 mm sides 
with 0.5 mm thick walls, Figure S12). This simple topology allowed rapid printing that in 
turn facilitated quick adjustments of the parameters to the metals’ properties. For 
example, because the metal salts had some absorbance at the laser wavelength (405 nm, 
Figure S13) they required a larger number of laser passes to polymerize in an effective 
and controlled fashion (5  passes at 62 mW laser power compared to only 2 passes for 
the normal resin). The 0.5 mm walls still provided a large surface to volume ratio (4.25 : 1) 
to expose the metal catalyst and enable rapid screening for activity. A large surface to 
volume ratio is especially relevant because the polymeric matrix has low porosity and a 
penetration depth limited to ca. 70 µm.22 The products were designated as M-HC, where 
M represents the metal used. Interestingly, heating the 3D printed Ag-HC and Au-HC at 
40 ˚C for 1h, led to a change from colorless to brown and purple, respectively. The 
development of color can be ascribed to nanoparticle formation, as previously shown by 
Fantino et al.31,45,46 and Chibac et al.47 No changes in appearance were observed for the 
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15
remaining M-HC upon heating at 40 °C. Absence of signals in the XRD of the 3D printed 
solids between 10 and 90 2𝜃° further suggested lack of crystalline particles formation.
The M-HC were then screened as catalysts for the conversion of benzyl alcohol into 
benzaldehyde. The selective oxidation of primary alcohols to aldehydes is relevant 
because of the ubiquity of these functionalities in active principles of several 
pharmaceuticals, fragrances, dyes, and agrochemicals.48,49 Traditionally, these reactions 
require stoichiometric amounts of toxic, expensive and corrosive oxidizing agents like 
DMSO/acyl chloride combinations,50 hypervalent iodine,30,51 or heavy metals.52 
Consequently, supported transition metal ions have been investigated as potential 
catalysts for this transformation with the aim of conducting a greener process.53 To screen 
for potential catalytic activity the M-HC were added to a mixture of benzyl alcohol (20 µL, 
0.38 mmol) and TEMPO (12 mg, 0.076 mmol) in acetonitrile (1 mL), sealed with a silicone 
septum, and heated to 100 °C for 6 h in a parallel reaction block (200 rpm). The reaction 
mixtures were then analyzed by GC-MS. Comparison of the relative intensities of 
benzaldehyde to benzyl alcohol peaks indicated some activity for Bi, Co, Er, Ir, Mg and Sb 
(5-10% relative intensity), moderate for Ce, Cr, Ni and Zn (10-15%), and significantly 
higher for Cu (25%) (Table S2).  The remaining M-HC, as well as a HC with no metal salt 
embedded, did not show any catalytic activity under these reaction conditions. 
Considering Cu-HC produced the highest benzaldehyde levels in the screening, we used 
this metal for further catalyst 3D printing studies. While some copper species have already 
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16
been reported as active for this reaction,54-62 there are no previous reports of the selective 
oxidation of alcohols to aldehydes using Zn or Er salts co-catalyzed by TEMPO.
We then explored how the topology of 3D printed Cu-based catalysts determined the 
amount of surface area exposed and thereby affected conversion. Importantly, because 
the 3D printed polymers are not porous,26 their surface areas were not measured by 
nitrogen physisorption (typical BET surface areas lower than 1 m2 g-1) but estimated based 
on macroscale topology. Therefore, we 3D printed a series of triply periodic minimal 
surface (TPMS) constructs. These surfaces consist of two interpenetrating meandering 
paths that lack self-intersections and fill up space in a continuous fashion.63-66 The 3D 
printed TPMS structures were: Chmutov octic, diamond-1, diamond-3, gyroid, Schoen-I-
6, Schoen-manta and Schwarz P (Figure 5).67 To include a low surface structure we also 
3D printed a hypercube model. While these intricate catalyst-containing geometries are 
too difficult to manufacture by conventional methods, 3D printing allows fast and easy 
production, and even modifications to each of them at any desired scale. The 3D surfaces 
were designed and scaled to an 8×8×8 mm cubic volume that fit a test tube leaving space 
for a magnetic stir bar (Figure S14 ). The benzyl alcohol oxidation reactions were 
performed for 21 h at 100 °C and revealed differences in conversion between the 3D 
printed catalyst architectures. Plotting conversion versus the surface area of the structures 
(calculated with 3Dtool softwareTM) indicated that all the structures had the same intrinsic 
activity, and the differences in performance were mainly due to the amount of surface 
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provided by the specific topology (Figure 6a). This result demonstrates that 3D printing 
can be employed to improve chemical conversions by translating optimized surface 
packings into active three dimensional catalysts.
Figure 5. STL designs of complex geometries and the corresponding 3D printed Cu-
containing catalysts: a) Hyper cube, b) hollow cube, c) diamond-1, d) Chmutov Octic, e), 
Schoen-I-6, f) Schoen-manta, g) diamond-3, h) Gyroid, and i) Schwarz P (primitive), 
minimal surfaces. All cubes are designed to have 8 mm sides.
Because low polarity environments can increase conversion in the aerobic oxidation of 
alcohols catalyzed by metals,68-70 we tested the performance of the most active 3D printed 
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geometry (Cu-Schwarz P) in three solvents of different polarities (acetonitrile: ε = 37.5, 
propionitrile: ε = 27.7, and butyronitrile: ε = 20.7). Our results confirmed an inverse 
relationship between the solvents’ dielectric constants and benzyl alcohol conversion 
(Figure 6b). This dependence of conversion on polarity suggested that the performance 
of Cu-Schwarz P topology could be improved by increasing the hydrophobicity of the 3D 
printed material using the approaches described before. Therefore, we 3D printed a series 
of Cu-Schwarz P structures using resins that included different acrylate esters with varying 
hydrophobicities. In addition to the unmodified resin (contact angle 44°) we used resins 
with ester modifiers having the following nmodifier: nresin ratios: of 0.14 for butyl acrylate, 
0.30 for 2-ethylhexyl acrylate and 0.33 for isodecyl acrylate. These modified resins gave  
contact angles of ca. 65°, 100°, and 110°, respectively. Using the modified Cu-Schwarz P-
materials as catalysts for the benzyl alcohol oxidation in acetonitrile resulted in a linear 
dependence of conversion on their water contact angles (Figure 6c). The resulting trend 
is consistent with the one observed using solvents of varying dielectric constants, i.e. 
higher hydrophobicity leads to improved oxidation activity, with the isodecyl-Cu-Schwarz 
P being ca. 60 % more active than the parent Cu-Schwarz P catalyst. These results 
demonstrate that the immediate environment of the catalytic Cu sites in the materials 3D 
printed with acrylate esters was dominated by the components of the original resin rather 
than the reaction solvent, and prove that catalytic performance can be improved both by 
adjusting surface topology and chemical composition of the 3D printed catalysts.
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Figure 6. a) Dependence of the apparent catalytic activity of 3D printed Cu-containing 
complex geometries on their surface areas. Catalytic activity of b) 3D printed Cu-
Schwarz P topologies in solvents with increasing polarity (acetonitrile, propionitrile, 
butyronitrile), and c) 3D printed Cu-Schwarz P topologies prepared from resins with 
varying hydrophobicities (solvent: acetonitrile). Reaction conditions: 2 mL solvent, 0.15 
mmol TEMPO, and 0.76 mmol benzyl alcohol stirred at 100 ºC for 21 h. Error bars are 
the standard deviations of three catalytic conversions.
CONCLUSIONS
This work presents a method to increase the throughput of commercial SLA 3D printers 
and enable screening of functional 3D printable resins. The high-throughput block (HTB) 
adaptors consisting of arrays of miniaturized build platforms and resin tanks can be 
custom designed and 3D printed to suit the needs of any target application. The approach 
proved useful for producing a series of 3D printed materials with varying surface 
hydrophobicities and allowed establishing structure-property relationships between the 
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molecular structure of monomers and the hydrophobicity of solids. While the 
hydrocarbon chain length of the acrylate esters increased the hydrophobicity of the 3D 
printed surfaces, chain branching resulted in a much larger effect. The HTB were also used 
to produce a series of 3D printed metal-containing polymers that were screened as 
potential catalysts in the selective oxidative conversion of benzyl alcohol to benzaldheyde, 
leading to the discovery of new TEMPO co-catalysts with moderate (Ce, Cr, Ni, Zn), and 
mild activity (Bi, Co, Er, Ir, Mg, Sb). In addition, we used the HTB to 3D print a series of Cu-
containing complex structures and demonstrated the dependence of catalytic conversion 
on the amount of surface that can be efficiently packed in a given volume. The Shwarz P 
topology gave the best catalytic activity, consistent with its highest surface area. Finally, 
because the catalytic activity of Cu in the reaction of benzyl alcohol to benzaldehyde 
increases with decreasing solvent polarity, we modified the surface chemistry of Cu-
Schwarz P with acrylic esters and demonstrated that the activity increased with the 
materials’ surface hydrophobicity, the largest activity enhancement being ca. 60 % using 
an isodecyl acrylate-containing resin. This result suggests that the surface properties of 
3D printed catalysts can ultimately determine the performance of the active sites, and that 
this approach is capable of directly producing multifunctional materials with tunable 
structure and composition.
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